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The	  Next	  Genera+on:	  nEXO	  
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• 	  Low-‐ac+vity	  copper	  construc+on	  
• 	  HFE	  thermal	  fluid	  buffer	  
• 	  Con+nuous	  circula+on	  and	  
purifica+on	  of	  xenon	  
• 	  Water	  shield	  and	  muon	  veto	  
• 	  Space	  and	  ports	  for	  barium	  tagging	  

Overall	  Mass:	  5	  tonnes,	  90%	  enriched	  136Xe	  
Time	  Projec+on	  Chamber	  (TPC)	  
Running	  Time:	  10	  years	  
Baseline	  energy	  resolu+on:	  1.5%	  
Preferred	  site:	  SNOLAB	  Cryopit	  
Final	  T1/2	  sensi+vity	  (90%	  CL):	  4.1x1027	  yrs	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  With	  barium	  tagging:	  2.1x1028	  yrs	  

“as	  similar	  to	  EXO-‐200	  
as	  possible”	  
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nEXO	  Sensi+vity	  Projec+ons	  
Bands	  are	  90%CL	  from	  
oscillaBon	  experiments	  for	  	  
inverted	  and	  normal	  mass	  hierarchy	  

EXO-‐200	  present	  limit	  
is	  the	  90%CL	  envelope	  of	  	  
limits	  (for	  different	  NMEs)	  	  
from	  PRL	  109	  (2012)	  032505	  

EXO-‐200	  ulBmate	  	  
sensiBvity:	  90%CL	  for	  no	  signal	  
in	  4	  years	  liveBme	  with	  	  
new	  analysis	  and	  Rn	  removal	  

EXO-‐200	  Present	  Limit	  

EXO-‐200	  Final	  
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sensiBvity:	  90%CL	  for	  no	  signal	  
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new	  analysis	  and	  Rn	  removal	  

IniBal	  nEXO	  band	  refers	  
to	  a	  detector	  directly	  scaled	  
from	  EXO-‐200,	  including	  its	  
measured	  background	  and	  	  
10yr	  liveBme.	  

Final	  nEXO	  band	  refers	  
to	  the	  same	  detector	  and	  no	  	  
background	  other	  than	  2ν	  

EXO-‐200	  Present	  Limit	  

EXO-‐200	  Final	  

Ini+al	  nEXO	  

Final	  nEXO	  
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Sensi+vity	  
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Sensi+vity	  
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Sensi+vity	  and	  Backgrounds	  

•  We’re	  construc+ng	  a	  
Monte	  Carlo	  to	  assess	  
the	  discovery	  poten+al.	  

•  Gamma	  backgrounds	  
and	  2νββ	  have	  been	  
incorporated	  into	  the	  
sensi+vity	  projec+ons.	  

•  We’re	  restar+ng	  the	  
material	  assay	  program	  
that	  we	  used	  to	  great	  
success	  for	  EXO-‐200.	  

Outer	  
Water	  

Inner	  
Water	  

Outer	  
and	  Inner	  
Cryostats	  

TPC	  

HFE	  
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nEXO	  at	  the	  SNOLAB	  Cryopit	  
The	  cryostat	  will	  be	  surrounded	  
by	  a	  water	  muon	  veto.	  

Xenon	  recircula+on	  and	  
repurifica+on	  in	  the	  upper	  
drih.	  

HFE	  storage	  and	  delivery	  in	  the	  
lower	  drih.	  
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TPC	  Design	  

Field	  
shaping	  
rings	  

HV	  	  
feedthrough	  

Cathode	  

IniBal	  TPC	  endplate	  FEA	  
To	  ensure	  minimal	  use	  of	  copper	  
to	  reduce	  backgrounds	  

Wire	  planes	  	  SiPMs	  

We	  are	  invesBgaBng	  other	  
light	  &	  charge	  collecBon	  
technologies.	   9	  
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Barium	  Tagging	  Facili+es	  
The	  secondary	  vessel	  can	  be	  pumped	  
dry	  for	  easy	  access	  to	  the	  cryostat.	  

The	  barium	  tagging	  room	  will	  be	  on	  top	  
of	  a	  thin	  lead	  shield.	  
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Ba	  Tagging	  Mo+va+on	  
•  Goal:	  eliminate	  non	  ββ	  backgrounds	  
– Measure	  candidate	  decay	  event	  posi+ons,	  energies	  	  
–  Recover	  and	  iden+fy	  	  
	  	  	  	  	  Ba	  ion	  	  
–  Tag	  event-‐recovery	  	  
	  	  	  	  	  coincidences	  as	  ββ	  
–  Reject	  untagged	  events	  

Without	  background:	  

With	  background:	  

low, leading to an anomalous light-to-charge ratio. This cut
also eliminates! decays from the low-background data, but
causes only a negligible loss of efficiency for "- and#-like
events. Cosmic-ray induced backgrounds are removed us-
ing three time-based cuts. Events preceded by a veto hit
within 25ms are removed (0.58%dead time). Events occur-
ring within 60 s after a muon track in the TPC are also
eliminated (5.0% dead time). Finally, any two events that
occur within 1 s of each other are removed (3.3% dead
time). The combination of all three cuts incurs a total
dead time of 8.6%. The last cut, combined with the require-
ment that only one scintillation event per frame is observed,
removes#-! decay coincidences due to the time correlated
decay of the 222Rn daughters 214Bi and 214Po. Alpha spec-
troscopic analysis finds 360! 65 $Bq of 222Rn in the
enrLXe, that is constant in time.

The SS and MS low-background spectra are shown in
Fig. 4. Primarily due to bremsstrahlung, a fraction of ##
events are MS. The MC simulation predicts that 82.5% of
0%## events are SS. Using a maximum likelihood estima-
tor, the SS and MS spectra are simultaneously fit with
PDFs of the 2%## and 0%## of 136Xe along with PDFs
of various backgrounds. Background models were devel-
oped for various components of the detector. Results of the
material screen campaign, conducted during construction,

provide the normalization for the models. The contribu-
tions of the various background components to the 0%##
and 2%## signal regions were estimated using a previous
generation of the detector simulation [8]. For the reported
exposure, components found to contribute <0:2 counts
(0%##) and <50 counts (2%##), respectively, were not
included in the fit. For the current exposure, the back-
ground model treats the activity of the 222Rn in the air-
gap between the cryostat and the lead shielding as a
surrogate for all 238U-like activities external to the cryostat,
because of their degenerate spectral shapes and/or small
contributions. A possible energy offset and the resolution
of the "-like spectra are parameters in the fit and are
constrained by the results of the source calibrations. The
fraction of events that are classified as SS for each of the
"-like PDFs is constrained within !8:5% of the value
predicted by MC. This uncertainty is set by the largest
such deviation measured with the source calibration spec-
tra. The SS fractions for #- and ##-like events are also
constrained in the fit to within!8:5% of the MC predicted
value. As a cross-check, the constraint on the 2%## SS
fraction is released in a separate fit of the low-background
data. The SS fraction is found to agree within 5.8% of the
value predicted by the MC simulation.
The## energy scale is a free parameter in the fit, so that

it is constrained by the 2%## spectrum. The fit reports a
scale factor of 0:995! 0:004. The uncertainty is inflated to
!0:006 as a result of an independent study of the possible

FIG. 4 (color). MS (top) and SS (bottom) energy spectra. The
best-fit line (solid blue) is shown. The background components
are 2%## (grey region), 40K (dotted orange), 60Co (dotted dark
blue), 222Rn in the cryostat-lead air-gap (long-dashed green),
238U in the TPC vessel (dotted black), 232Th in the TPC vessel
(dotted magenta), 214Bi on the cathode (long-dashed cyan),
222Rn outside of the field cage (dotted dark cyan), 222Rn in
active xenon (long-dashed brown), 135Xe (long-dashed blue)
and 54Mn (dotted brown). The last bin on the right includes
overflows (none in the SS spectrum).

FIG. 5 (color). Energy spectra in the 136Xe Q## region for MS
(top) and SS (bottom) events. The 1 ð2Þ& regions aroundQ## are
shown by solid (dashed) vertical lines. The 0%## PDF from the
fit is not visible. The fit results have the same meaning as in
Fig. 4.
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PRL	  109,	  32505	  (2012)	  
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Tagging	  from	  Liquid	  Xenon	  

•  Decay	  product	  in	  LXe	  is	  Ba+	  
•  Send	  probe	  into	  TPC,	  
electrosta+cally	  deposit	  Ba+	  
onto	  probe	  +p	  

•  Remove	  probe	  to	  
iden+fica+on	  chamber	  

•  Many	  tagging	  techniques	  
are	  under	  development—I	  
will	  talk	  about	  two	  of	  them	  
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Fluorescence	  peak	  of	  Ba	  in	  SXe	  
aher	  excita+on	  w/	  558	  nm	  laser	  

Trap	  barium	  daughter	  ion	  in	  
solid	  xenon	  on	  a	  probe:	  

Detect	  single	  ion	  or	  atom	  
on	  the	  probe	  with	  laser-‐
induced	  fluorescence:	  

Spectroscopy	  in	  Solid	  Xe	  

CCD	  

laser	  
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Liquid	  Tagging	  Setup	  Schema+c	  

Ba	  source	  
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389.7	  nm	  
553.5	  nm	  
1064	  nm	  

To	  Time	  of	  Flight	  
Spectrometer	  

Ba+	  

Resonance	  Ioniza+on	  Spectroscopy	  

•  Thermally	  desorb	  with	  IR	  laser	  

•  Ionize	  resonantly	  just	  Ba	  
•  Detect	  and	  iden+fy	  by	  mass	  
using	  ToF	  spectrometer	  

15	  
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Resonance	  Ioniza+on	  Spectroscopy	  

Neutral	  barium	  spectroscopy	  

389.7	  nm	  

553.5	  nm	  

Challenge:	  	  
Recover	  and	  iden+fy	  
single	  Ba,	  ignoring	  all	  other	  
elements	  

SoluBon:	  
Efficiently	  and	  selec,vely	  	  
re-‐ionize	  barium	  	  
using	  its	  atomic	  spectroscopy	  

RIS	  is	  sensi+ve	  to	  single	  ions	  
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A	  Very	  Clean	  Signal	  from	  Vacuum	  
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Results	  and	  Next	  Steps	  

•  Proper	  choice	  of	  material	  and	  
surface	  prep	  produces	  a	  signal	  
with	  almost	  no	  backgrounds	  

•  Ideal	  condi+ons	  allow	  5%	  
efficiency	  from	  deposi+on	  to	  
final	  detec+on	  

•  Next:	  
– Con+nued	  work	  on	  improving	  
repeatability,	  efficiency	  

– Tes+ng	  in	  LXe	  

LXe	  
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nEXO	   SNOlab,	  Cryopit	  Workshop,	  21	  Aug	  2013	   19	  
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